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Metamagnetic transition in Ca1−xSrxCo2As2(x = 0 and 0.1) single crystals
J. J. Ying, Y. J. Yan, A. F. Wang, Z. J. Xiang, P. Cheng, G. J. Ye and X. H. Chen∗
Hefei National Laboratory for Physical Science at Microscale and Department of Physics,
University of Science and Technology of China, Hefei,
Anhui 230026, People’s Republic of China
We report the magnetism and transport measurements of CaCo2As2 and Ca0.9Sr0.1Co2As2 single
crystals. Antiferromagnetic transition was observed at about 70 K and 90 K for CaCo2As2 and
Ca0.9Sr0.1Co2As2, respectively. Magnetism and magnetoresistance measurements reveal metamag-
netic transition from an antiferromagnetic state to a ferromagnetic state with the critical field of 3.5
T and 1.5 T respectively along c-axis for these two materials at low temperature. For the field along
ab-plane, spins can also be fully polarized above the field of 4.5 T for Ca0.9Sr0.1Co2As2. While for
CaCo2As2, spins can not be fully polarized up to 7 T. We proposed the cobalt moments of these two
materials should be ordered ferromagnetically within the ab-plane but antiferromagnetically along
the c-axis(A-type AFM).
PACS numbers: 74.25.-q, 74.25.Ha, 75.30.-m
I. INTRODUCTION
The layered ThCr2Si2 structure type is commonly ob-
served for AT2X2 compounds, in which A is typically
a rare earth, alkaline earth, or alkali element; T is a
transition-metal and X is metalloid element. In this
ThCr2Si2 structure, the T2X2 layers are made from edge-
sharing TX4 tetrahedra and A ions are intercalated be-
tween T2X2 layers. Novel physical properties were ob-
served in such ThCr2Si2 structure compounds including
magnetic ordering and superconductivity. Recent discov-
eries of high temperature superconductivity in ThCr2Si2
structure pnictides and selenides have led to renewed
interest in this large class of compounds1,2. AFe2As2
(A=Ca, Sr, Ba, Eu) with the ThCr2Si2-type structure
were widely investigated because it is easy to grow large-
size, high-quality single crystals3,4. Superconductivity
can be achieved through doping or under high pressure.
The maximum Tc for the hole-doped samples is about 38
K and for the Co doped samples the maximum Tc can
reach 26 K1,5. Superconductivity up to 30 K was ob-
served in AxFe2−ySe2 (A=K, Rb, Cs and Tl) which also
has the ThCr2Si2 structure
2,6–10. It is very interesting
to look for other materials with related structures and
investigate their physical properties to see if there can be
potential parent compounds for new high temperature
superconductors.
ACo2As2 (A is rare earth element) has the ThCr2Si2
structure, while their physical properties haven’t been
systematically studied. The magnetic moment of the
Co ion in this type of material would not vanish due
to the odd number of 3d electron, thus we would an-
ticipate an appearance of the magnetic ordering phase.
The magnetic properties of SrCo2As2 show Curie-Weiss-
like behavior and BaCo2As2 was reported as a highly
∗Corresponding author; Electronic address: chenxh@ustc.edu.cn
renormalized paramagnet in proximity to ferromagnetic
character11,12. LaOCoAs with the same CoAs layers
shows itinerant ferromagnetism13. While CaCo2P2 was
reported as having ferromagnetically ordered Co planes,
which are stacked antiferromagnetically21. The magnetic
phase diagram of Sr1−xCaxCo2P2 is very complicated
and closely related to the structural changes18. The mag-
netism behavior in CoAs layered compounds is very in-
teresting and it needs further investigation.
In this article, we investigated the magnetism and
transport properties of CaCo2As2 and Ca0.9Sr0.1Co2As2
single crystals. Antiferromagnetic (AFM) ordering was
observed below TN ≈ 70 K in CaCo2As2. And for
Ca0.9Sr0.1Co2As2, TN increases to about 90 K. We deter-
mined the cobalt moments should be ordered ferromag-
netically within the ab-plane but antiferromagnetically
along the c-axis(A-type AFM). Metamagnetic transition
corresponds to a spin-flop transition from an AF to a FM
state was observed in these two samples.
II. EXPERIMENTAL DETAILS
High quality single crystals with nominal composition
Ca1−xSrxCo2As2(x=0 and 0.1) were grown by conven-
tional solid-state reaction using CoAs as self-flux11. The
CoAs precursor was first synthesized from stoichiometric
amounts of Co and As inside the silica tube at 700 ◦C
for 24 h. Then, the mixture with ratio of Ca:Sr:CoAs=1-
x:x:4 was placed in an alumina crucible, and sealed in
an quartz tube. The mixture was heated to 1200 ◦C in
6 hours and then kept at this temperature for 10 hours,
and later slowly cooled down to 950 ◦C at a rate of 3
◦C/ hour. After that, the temperature was cooled down
to room temperature by shutting down the furnace. The
shining platelike Ca1−xSrxCo2As2 crystals were mechan-
ically cleaved. The actual composition of the single crys-
tals were characterized by the Energy-dispersive X-ray
spectroscopy (EDX). The actual doping levels are almost
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FIG. 1: (color online). (a): The single crystal x-ray diffrac-
tion pattern of CaCo2As2 and Ca0.9Sr0.1Co2As2. (b): Tem-
perature dependence of in-plane resistivity for CaCo2As2 and
Ca0.9Sr0.1Co2As2 single crystals. The inset was the derivation
of resistivity curves around TN.
the same as the nominal values. Resistivity was mea-
sured using the Quantum Design PPMS-9 and Magnetic
susceptibility was measured using the Quantum Design
SQUID-VSM.
III. RESULTS AND DISCUSSION
A. Crystal structure and resistivity
Single crystals of Ca1−xSrxCo2As2 (x = 0 and 0.1)
were characterized by X-ray diffractions (XRD) using Cu
Kα radiations as shown in Fig.1(a). Only (00l) diffrac-
tion peaks were observed, suggesting uniform crystallo-
graphic orientation with the c axis perpendicular to the
plane of the single crystal. The c-axis parameter was
about 10.27 A˚ for CaCo2As2 which is nearly the same as
the previous result19. For Ca0.9Sr0.1Co2As2, c-axis pa-
rameter increases to 10.41 A˚ due to the larger ion radius
of Sr. The resistivity of both samples shows metallic be-
havior as shown in Fig.1(b) which is similar to SrCo2As2
and BaCo2As2
5,12. The derivation of resistivity curves as
shown in the inset of Fig.1(b) show peaks at about 70 and
90 K for CaCo2As2 and Ca0.9Sr0.1Co2As2, respectively.
These temperatures were consistent with the antiferro-
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FIG. 2: (color online). Temperature dependence of the sus-
ceptibility for CaCo2As2 with magnetic field along (a) and
perpendicular (b) to the ab-plane. Temperature dependence
of the susceptibility for Ca0.9Sr0.1Co2As2 with magnetic field
along (c) and perpendicular (d) to the ab-plane.
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FIG. 3: (color online). Isothermal magnetization hysteresis of
CaCo2As2 with magnetic field along (a) and perpendicular (b)
to the ab-plane. MH curves for Ca0.9Sr0.1Co2As2 with field
along (c) and perpendicular (d) to the ab-plane at certain
temperature.
magnetic transition temperature (TN) which would be
shown later in the magnetic susceptibility measurements.
B. Magnetic susceptibility and magnetoresistance
Figure 2 (a) and (b) show the temperature dependence
of susceptibility for CaCo2As2 under various magnetic
field up to 7 T applied within ab-plane and along c-axis,
respectively. The susceptibility drops at around 70 K
with the field of 0.1 T applied along and perpendicular
to the ab-plane, which indicates the antiferromagnetic
state below 70 K in this material. TN was suppressed by
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FIG. 4: (color online). Magnetoresistance of CaCo2As2 with
magnetic field up to 9T along (a) and perpendicular (b) to the
ab-plane. MR curves for Ca0.9Sr0.1Co2As2 with field along (c)
and perpendicular (d) to the ab-plane at certain temperature.
increasing the field and was suppressed to 50 K under the
field of 7 T applied along the ab-plane. However, with the
field of 7 T applied along the c-axis, the susceptibility sat-
urated at low temperature which indicated the ferromag-
netic state at low temperature. For Ca0.9Sr0.1Co2As2, TN
increases to 90 K. Under high magnetic field, the system
changes to ferromagnetic state with field applied both
along and perpendicular to the ab-plane as shown in Fig.
2 (c) and (d). These results indicate that a metamagnetic
transition from antiferromagnetism (AFM) to ferromag-
netism (FM) occurs with increasing magnetic field at low
temperature.
In order to further investigate such metamagnetic tran-
sition, we performed the isothermal magnetization hys-
teresis measurement as shown in Figure 3. The magneti-
zation (M) almost increases linearly for CaCo2As2 with
the field H applied along the ab-plane at various tem-
peratures. The slope of MH curves is almost the same
below 50 K and decrease with increasing the temperature
above TN. While for the field applied along the c-axis,
M increases very sharply when H increases to about 3.5
T at 4 K. With increasing the temperature, such be-
havior weakened and vanished above TN. This behav-
ior clearly indicates the spin reorientation in CaCo2As2
at high magnetic field. While for Ca0.9Sr0.1Co2As2, M
increases very steeply with H increasing to 1.5 T and
saturates at high field with the field applied along the c-
axis at 4 K. The transition field gradually decreases with
increasing the temperature and vanishes above TN. M
increases almost linearly with H applied along ab-plane
at low field at 4 K which is similar to the CaCo2As2,
further increasing the field leads to the saturation of M.
The values of the saturated M are almost the same for
the field along and perpendicular to the ab-plane. This
result clearly indicates that almost all the magnetic ions
can be tuned by the magnetic field above a critical field.
The critical magnetic field of Ca0.9Sr0.1Co2As2 is lower
than CaCo2As2, which is probably due to the weakening
of inter layer AFM coupling. Spins can be tuned much
easier with magnetic field applied along c-axis than along
ab-plane, for CaCo2As2, spins could not be aligned along
ab-plane even under 7 T.
We further measured the magnetoresistance (MR) of
CaCo2As2 and Ca0.9Sr0.1Co2As2 from 4 to 200 K up to 9
T as shown in Figure 4. Magnetoresistance can be hardly
detected at high temperature and gradually became neg-
ative with decreasing the temperature. For CaCo2As2,
the magnitude of magnetoresistance gradually increases
above TN and gradually decreases below TN with decreas-
ing the temperature. This is because the presence of the
FM order tends to suppress the spin scattering. Mag-
netic field gradually polarized the spins of Co ions with
decreasing the temperature above TN, while below the
AFM transition temperature, it became much more dif-
ficult to polarize the spins with the temperature cooling
down. The MR with H perpendicular to the ab-plane
was almost the same with H along ab-plane above TN.
While the temperature below TN, MR became positive
at low magnetic field. When the applied magnetic field
surpass the critical field of metamagnetic transition, MR
gradually becomes negative and its magnitude increases
with increasing the magnetic field. Similar MR behavior
was observed above TN with field applied along and per-
pendicular to the ab-plane. The MR changes greatly at
the critical field of metamagnetic transition. The meta-
magnetic transition of Ca0.9Sr0.1Co2As2 is much sharper
comparing with CaCo2As2 with H applied along c-axis.
MR became constant when all the spins were tuned to
FM state. The values of MR are almost the same for
the field along and perpendicular to the ab-plane which
indicates that all the spins can be tuned by high mag-
netic field. Similar MR behaviors across the AF and the
FM phase boundary were also observed in other materi-
als such as Na0.85CoO2, layered ruthenates and colossal
magnetoresistance materials14,15. The MR result about
the metamagnetic transition is consistent with the MH
measurements in these two materials. The magnetoresis-
tance with field applied along and perpendicular to the
ab-plane are almost the same under high magnetic field
which indicates that magnetoresistance was mainly in-
duced from magnetic scattering from Co2+ and all the
Co2+ spins can be tuned above the critical field of meta-
magnetic transition at low temperature.
C. Hall coefficient and magnetic structure
We also measured the Hall resistivity ρxy of CaCo2As2
and Ca0.9Sr0.1Co2As2 as shown in Figure 5. ρxy is mea-
sured by sweeping field from -7 T to +7 T at various
temperature, thus the accurate Hall resistivity ρH is ob-
tained by using [ρxy(+H)−ρxy(−H)]/2, where ρxy(±H)
is ρxy under positive or negative magnetic field. We found
ρxy shows a steep decrease at certain field HC below TN
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FIG. 5: (color online). Field dependence of Hall resistivity at
various temperatures for CaCo2As2 (a) and Ca0.9Sr0.1Co2As2
(b).
similar to isothermal MR, which arises from the jump
magnitudes of magnetization M due to the spin-flop of
Co ions induced by external fieldH. It is well known that
Hall effect arises from two parts of normal Hall effect and
anomalous Hall effect in ferromagnetic metals, in which
anomalous Hall resistivity is proportional to the magneti-
zation M. Hall resistivity ρxy = R
N
HH +R
A
H4piM , where
RNH is the normal Hall coefficient, and R
A
H is the anoma-
lous Hall coefficient16. We extracted the RNH from H-
linear term of ρxy at low field. Temperature dependence
of RNH for CaCo2As2 and Ca0.9Sr0.1Co2As2 are shown in
Fig.6(a) and (b), respectively. The value of RNH is nega-
tive at high temperature, indicating the primate carrier
in these two materials is electron. The magnitude of RNH
gradually increases with decreasing the temperature and
it reaches its maximum value at around TN. Below TN,
the magnitude ofRNH decreases very quickly with decreas-
ing the temperature. The anomalous Hall coefficient RAH
below TN is inferred from the ratio of the jump mag-
nitudes ∆M and ∆ρxy around metamagnetic transition
field. RAH = ∆ρxy/4pi∆M is also plotted in Fig.6 (a) and
(b). The magnitude of RAH decreases linearly with de-
creasing temperature below TN. Such behavior was also
observed in TaFe1+yTe3 system
17.
Based on the above results of magnetic susceptibility,
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FIG. 6: (color online). The temperature dependence of
anomalous Hall coefficient RAH and normal Hall coefficient R
N
H
for CaCo2As2 (a) and Ca0.9Sr0.1Co2As2 (b).
MR and Hall resistivity measurement, possible magnetic
structures for the spins of Co ions are proposed as shown
in Fig. 7 (a), (b) and (c). Below TN, Co spins of these two
materials should be ordered ferromagnetically within the
ab-plane but antiferromagnetically along the c-axis(A-
type AFM) under low magnetic field. When the external
field surpass the inner field Hint of Co spins. All the
Co spins aligned along the direction of H. The external
field H along ab-plane is much harder to tune the AFM
ordering of Co spins than with H along c-axis.
The AFM ordering found in CaCo2As2 and
Ca0.9Sr0.1Co2As2 is very different from their isostruc-
ture compounds SrCo2As2 and BaCo2As2 in which no
magnetic ordering was observed. Such a difference might
due to the much smaller c/a ratio in CaCo2As2 than
in SrCo2As2 and BaCo2As2, similar properties were
also observed in CaCo2P2
18. High magnetic field can
tune almost all the spins, and metamagnetic transition
was observed by increasing the magnetic field at low
temperature which was similar to EuFe2As2
20. The
magnetic property in this system is strongly correlated
to the structure. The critical field of metamagnetic
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FIG. 7: (color online). (a): Possibly magnetic structure
deduced from magnetism and MR measurement. Magnetic
structure above the critical field with H along (b) and per-
pendicular (c) to c-axis.
transition decreased by doping Sr, which was probably
due to the enlarged c-axis parameter and decreased the
inter layer AFM coupling.
IV. CONCLUSION
In conclusion, we found AFM ordering in CaCo2As2
and Ca0.9Sr0.1Co2As2 at 70 and 90 K, respectively. A
metamagnetic transition from AFM to FM occurs with
increasing magnetic field in these two compounds. Lit-
tle Sr doping in CaCo2As2 would effectively decrease the
critical field of metamagnetic transition. The magnetic
susceptibility and MR measurements all indicate that the
cobalt moments of these two materials should be ordered
ferromagnetically within the ab-plane but antiferromag-
netically along the c-axis(A-type AFM), which is the
same with their isostructure compound CaCo2P2
21,22.
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